1. Introduction {#sec1}
===============

Of all the liver cancers, hepatocellular carcinoma (HCC) contributes to about 70-80% of its share and is found to be the leading cause of cancer mortality in the Asia-Pacific region during the past decade. Risk factors that contribute directly or indirectly in hepatotumorigenesis include alcoholism, aflatoxin B1, diabetes, hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, iron accumulation, non-alcoholic fatty liver disease (NAFLD), and obesity \[[@r1]\], as represented in [Fig. (**[1](#F1){ref-type="fig"}**)](#F1){ref-type="fig"}. Management protocols for the treatment of the HCC include radiotherapy, surgical resection, embolization, ablation, and chemotherapy. Clinical therapy with sorafenib is found to be effective but it is only able to prolong survival for a few months \[[@r2]\]. The use of current therapy is limited because of poor prognosis, recurrence, various side effects and complexities associated with them. Similarly, the genetic mechanisms behind the occurrence of HCC are still unknown and need to be expounded further for developing newer candidates for the management of HCC and improving the existing ones.

Non-coding RNAs (ncRNAs) are the RNAs that do not encode any protein. They account for about 90% of human RNAs and are reported to be principal players in multiple cellular processes, such as immune response, cell proliferation and migration, angiogenesis and apoptosis \[[@r3]\]. Particularly, microRNAs (miRs) are small RNAs comprising of 19-25 base pairs which regulate the gene expression by either degrading the targeted messenger RNA (mRNA) or by its translational inhibition (Fig. **[2](#F2){ref-type="fig"}**) \[[@r4], [@r5]\]. Long non coding RNAs (lncRNAs) are ˃200 base pairs long and depending upon their genomic location between neighboring transcripts, they are categorized into five subclasses: anti-sense, bidirectional, intronic,

intergenic, and sense overlapping (Fig. **3A-E**). Based on their functions, they are classified as signaling, decoy, guide, and scaffold lncRNAs \[[@r6]-[@r8]\].

Since unearthing the concept of these variants, transcriptomics has revealed the role of ncRNAs in many cellular, physiological and pathobiological processes. They are also found to be widely associated and abundantly expressed in a variety of cancer. Anomalous expression and mutations are linked closely to tumorigenesis and metastasis and hence, are classified as innovative biomarkers and therapeutic targets for the management of cancer, including HCC. Herein, the review particularly focuses on the role of ncRNAs in HCC. The authors summarise the therapeutic potential of miRs and lncRNAs based on the emerging evidence of their contributory role in the pathogenesis and progression of HCC. Additionally, how these deregulated ncRNAs may have their utility in the prognosis or diagnosis of HCC are explained.

2. Epigenetics and HCC {#sec2}
======================

Epigenesis is an inherited gene alteration without modifying the sequence of DNA. Epigenetic mechanisms include modifications in genomic DNA, chemical alterations in histone tails and regulation of non-coding miRNA. In order to maintain the cellular memory, these modifications are inherited from parent cells to daughter cells \[[@r9]\]. DNA methyltransferases (DNMTs) enzyme catalyzes the reaction of addition of methyl group to 5' cytosine nucleotides in DNA. Mechanistically, methylation of the DNA is responsible for silencing of transcriptional gene. This silencing occurs either by methylation on CpG site (hindering the binding of transcription factors to its promoter site) or by direct binding of methylated DNA to methyl CpG binding domain (MBD). Genetic analysis of many cancers reveals gene silencing, facilitated by DNA methylation \[[@r10], [@r11]\]. Recent literature supports the fact that liver cancer initiation and progression is associated with epigenetic changes \[[@r12]\]. Each epigenetic modifier can be differentiated on the basis of interaction

between the risk factor and host DNA as well as epigenetic components at different stages of HCC, which is explained further.

3. LncRNAs and HCC {#sec3}
==================

3.1. LncRNAs and its Role in Initiation, Progression, and  Metastasis of HCC {#sec3.1}
----------------------------------------------------------------------------

LncRNAs are significant players in controlling genomic circuitry and their dysregulation is found to be related to various malignancies. Abnormal expression of lncRNA directly affects its targeted genes which in turn, are involved in the onset of various diseases, including cancer (Fig. **[4](#F4){ref-type="fig"}**) \[[@r13]\]. HCC is one of the most widespread forms of cancer in the Asia-Pacific region. However, the underlying mechanism of its development is less implicit. LncRNAs, lately, have been publicized to have a high stake in HCC, and the examples are ANRIL, HULC, HOTAIR, HOTTIP, MALAT1, CCAT1, *etc*. as briefed in Table **[1](#T1){ref-type="table"}** \[[@r14]-[@r25]\] and represented in [Fig. (**[5](#F5){ref-type="fig"}**)](#F5){ref-type="fig"}. In this review, we have discussed the involvement of lncRNAs in HCC development, progression and metastasis, and their diagnostic benefits in HCC.

### 3.1.1. HULC (Highly Upregulated in Liver Cancer) {#sec3.1.1}

HULC is a 482 bp single spliced, oncogenic, canonically polyadenylated ncRNA, transcribed from chromosome 6p24.3. It localizes in the cytoplasm and co-purifies with the ribosomes of cancer cells \[[@r5], [@r13], [@r25]\]. It is present in the primates, although the genome of mouse and rat do not possess the HULC homolog. HULC was firstly identified as novel transcript associated with the molecular pathogenesis of HCC \[[@r25]\]. It is reported to be linked to anomalous lipid metabolism in HCC cells. HULC is upregulated in tumors and plasma of patients suffering from HCC and is a potential biomarker of HCC \[[@r13]\]. Downregulation of miR-372 is mediated by HULC because of its activity as an endogenous sponge. This down-modulation represses the translational inhibition of miR-372 gene. The transcriptional activity of HULC is highly dependent upon a cAMP response element-binding (CREB) site in the promoter region \[[@r6], [@r8], [@r14]-[@r16]\].

Long-term infection with hepatitis B virus (HBV) is one of the major contributors in HCC development. HBx, a protein produced by HBV, is found to be raised in the liver cells of patients suffering from HCC. This protein is found to be associated with genes regulating cellular growth \[[@r26], [@r27]\]. Du and collaborators reported the positive association between expression levels of HBV and HULC. Knockdown or overexpression of HBx is directly linked to a decrease or increase in the expression profile of HULC respectively \[[@r28]\].

Various other studies have also revealed the role of HULC in HCC development. Downregulation of p18 (a tumor suppressor gene, positioned near HULC) by HULC has led to the proliferation of hepatoma cells. HBx downregulates the expression of P18, which is overturned by HULC knockdown, incriminating a mechanism in which downregulation of p18 by HBX-mediated downregulation of HULC might lead to the proliferation of cancer cells \[[@r5], [@r8], [@r15], [@r25], [@r29]\]. HULC has been reported to upregulate the levels of SPHK1 (Sphingosine kinase 1), an enzyme that contributes to the survival, growth, differentiation, and proliferation of cells, and angiogenesis. HULC regulates a cascade of pathway leading to the upregulation of E2F1, a transcription factor that binds to SPHK1 promoter. MiR-107, a regulator of E2F, is sequestered by HULC leading to a series of events and eventually, tumor angiogenesis \[[@r25]\]. The metastasis and recurrence of HCC are regulated by epithelial-mesenchymal transition (EMT), which acts on ZEB1 and miR-200a-3p. HULC sequesters miR-200a-3p, corresponding to amplified levels of ZEB1, leading to the stabilization of ZEB1 \[[@r25]\]. Together, these studies reflect novel mechanisms by which HULC contributes to the pathophysiology of HCC.

### 3.1.2. HOTAIR (Homeobox \[HOX\] Transcript Antisense RNA) {#sec3.1.2}

HOTAIR is a 2158 nucleotide long antisense lncRNA, which is transcribed near the HOXC loci on chromosome 12q13.13 \[[@r5], [@r13], [@r16]\]. It is a polycomb group protein that represses the transcription of thousands of genes involved in stem cell pluripotency and various differentiation pathways during development \[[@r26]\]. Initially, it was identified to be upregulated in the breast epithelial tumors, inducing the metastasis of breast cancer \[[@r16]\]. It is reported to be a therapeutic biomarker of oesophageal squamous cell carcinoma. These lncRNAs have been reported to interact with two major

The upregulation of HOTAIR is also observed in the HCC tissues and is reported to be directly interrelated with recurrence and poor survival rate in cancer patients receiving liver transplants. The downregulation of HOTAIR also inhibits the tumor invasion in liver cancer cell lines. Reduction in the levels of matrix metalloproteinase-9 and vascular endothelial growth factor (VEGF) protein (necessary for motility and metastasis of cells) is observed upon reduction in the expression of HOTAIR \[[@r25]\]. Overexpression of HOTAIR in HBx-positive human liver tumors is reported to be regulated by Wnt signaling genes like Sox2, Oct4, Nanog and  EpCAM \[[@r13], [@r25], [@r27]\].

### 3.1.3. MALAT1 (Metastasis Associated Lung Adenocarcinoma Transcript)/ NEAT2 (Nuclear Rich Abundant Transcript 2) {#sec3.1.3}

It is a 7.5kb long lncRNA, originally expressed in primary non-small cell lung cancers. It is conserved in mammals and is expressed in many tissues \[[@r16]-[@r18]\]. The expression of this lncRNA is found to be dependent on the cell cycle and necessary for G1/S and mitotic progression. The literature reflects that Hippo/yes associated protein (YAP) and Wnt/TCF/β-catenin signaling pathway, generally, acts on MALAT1. Also, it is negatively controlled by serine and arginine rich splicing factor 1 (SRSF1). SRSF1 acts by either promoting the degradation of MALAT1 or by binding to YAP. This binding prevents the transcription of YAP and hence the activity of YAP on the promoter site of MALAT1 is inhibited \[[@r30]\]. Post-transcriptional changes in MALAT1 produce short, cytoplasmic RNA and a long transcript, localized in the nucleus. This influences the level of phosphorylated splicing-associated serine arginine (SR) proteins \[[@r31], [@r32]\].

MALAT1 is found to be overexpressed in various cancers including breast cancer, liver cancer, ovarian cancer, and bladder carcinoma and is a potential therapeutic target. The upregulation of MALAT1 is seen in neoplastic samples obtained from patients suffering from liver cancer. A high level of MALAT1 in patients has been observed as a signature of tumor recurrence after liver transplantation. This relativity implies that this lncRNA may show important clinical implications in the treatment of hepatocellular cancer \[[@r30]\]. Further, reduced expression of MALAT1 inhibits the motility and migration of cells and increases apoptosis in liver carcinoma and bladder cancer \[[@r7], [@r30]\].

For malignant cells to become invasive, epithelial-mesenchymal transition (EMT) is necessary. Downregulation of MALAT1 alters the expression profile of various genes like ZEB1, ZEB2, E-cadherin, Slug, which are associated with EMT. An increase in the levels of E-cadherin and a decrease in the levels of Slug, ZEB1, and ZEB2 have been widely reported \[[@r30], [@r33]\].

### 3.1.4. HEIH (High Expression in HCC) {#sec3.1.4}

HEIH is a 1.7-kb SP1-regulated long lncRNAs, located in the 5q34.3 locus. It is differentially expressed in HCC and closely associated with HCC recurrence. It is considered as a prognostic factor for HCC \[[@r5], [@r14], [@r15]\]. HEIH networks with enhancer of zeste homolog 2 (EZH2) and regulates EZH2 target genes including cell-cycle--regulatory genes p15, p16, p21, and p57. HEIH knockdown leads to reduction in the proliferation of cells and suppression of tumor growth. In short, HCC recurrence has a close association with HEIH and HBV infection \[[@r2], [@r8], [@r13], [@r18], [@r26], [@r33], [@r34]\]. Hence, the role of this dyad is worth reading further to detect the possibility of HCC recurrence.

### 3.1.5. HOTTIP (HOXA transcript at the distal tip) {#sec3.1.5}

It is a 7.9kb sized lncRNA, located at 7p15.2 and originated from the distal tip of the HOXA13 gene \[[@r14], [@r19]\]. It is the most upregulated variant in human HCC, even at an early stage. The oncogenic effect of HOTTIP is conferred by upregulation of several HOXA genes *via* interaction of WD repeat-containing protein 5 (WDR5) \[an adapter protein with mixed-lineage leukemia (MLL) complexes\]. This complex along with HOTTIP, mediates the trimethylation of H3K4 and HOXA, facilitating gene transcription \[[@r26], [@r15]\]. In the HOX cluster, chromatin interactions are chiefly regulated by HOTTIP. As observed in an orthotopic implantation nude murine model, knocking down HOTTIP abrogates lung metastasis by significantly inhibiting the cell proliferation and migration. HOTTIP also regulates chemoresistance by activation of β-catenin signaling. The knockdown of HOTTIP is able to suppress chemoresistance and mesenchymal characteristics \[[@r35]\].

### 3.1.6. H19 {#sec3.1.6}

H19 is a 2.3kb long ncRNA located at 11p15.5 and is solely expressed from the maternal allele. The upregulation of H19 is widely seen in HBV-associated HCC. Its involvement is highly recorded in genomic imprinting during growth and development \[[@r5], [@r14]\]. Authors have reported the role of two imprinted genes located on the same gene locus: Insulin-like growth factor 2 (IGF2) and H19. Biallelic expression of H19 and IGF2 are the critical players in the epigenetic mechanism employed behind the development and progression of tumors \[[@r13], [@r15]\]. The expression of this lncRNA is mediated by c-Myc. It binds to E-boxes, positioned near the imprinting control region, facilitating acetylation of histone and translationally initiating H19 gene in HCC cells \[[@r15], [@r34]\]. In *in vivo* models of HCC, knockdown of H19 significantly abolishe anchorage-independent growth after hypoxia recovery. The possible mechanism behind the same is the diminished expression of p57kip2 \[[@r36]\]. Furthermore, the expression of P-glycoprotein and multidrug resistance 1 (MDR1)-allied drug resistance in HCC cells has a direct association with the expression of the *H-19* gene \[[@r8]\]. H19 also activates miR-200 by linking with the protein complex hnRNP U/PCAF/RNAPol II, and subsequently, suppressing the progression and metastasis of HCC \[[@r37]\].

### 3.1.7. MEG3 (Maternally Expressed gene 3) {#sec3.1.7}

*MEG3* is a paternally imprinted single-copy gene which comprises of 10 exons \[[@r33]\]. 12 isoforms of MEG3 have been detected and each of them can be distinguished by their differential blend of 4-7 exons in the transcript. The original isoform of *MEG3* is a 1.6kb chromatin-associated polyadenylated transcript, located in the nucleus \[[@r16], [@r38]\].

MEG3 lncRNA is 34919bp sized, paternally imprinted and transcribed from chromosome 14q32.2 \[[@r5], [@r13]\]. It is normally expressed in human tissues but has its highest expression in the brain and pituitary gland. It has been revealed that ectopic expression inhibits the proliferation of a variety of cancer cell lines by majorly acting on tumor suppressor, p53. MEG3 is found to be involved in the accumulation of tumor suppressor p53 and regulation of TGF-b pathway genes involved in cell invasion, immune regulation, *etc*. It also interacts with PRC2 to repress murine double minute 2 homolog (MDM2), which contributes to p53 accumulation \[[@r13]\]. It has been observed that the activation of p53 depends upon the secondary structure of the MEG3 RNA, instead of its primary sequence. A study designed by Zhang and team provided proof for the preservation of the original secondary structure. They reported that replacement in some particular regions of MEG3 with unrelated sequence does not affect p53 activation \[[@r38]\]. From this, a conclusion can be drawn that in the absence of sequence conservation, the potential of these unique RNA species will still be preserved.

### 3.1.8. DANCR (Differentiation Antagonizing Non-protein Coding RNA) {#sec3.1.8}

The stemness feature of the liver cancer cells has been greatly amplified in the presence of DANCR lncRNA. These lncRNAs are reported responsible for an increased intra- and extra-hepatic tumor development. It primarily interacts with cadherin-associated protein catenin beta 1, CTNNB1 mRNA at its 30 untranslated regions (UTRs). This leads to the blockage of the binding site of many miRs (miR- 214, miR-320a, and miR-199a) competitively. This also allowed this gene to upregulate, resulting in the activation of the Wnt pathway. This further results in increased spheroid formation and stem cell like-feature of the affected cells. On the other hand, knockdown of DANCR *in vivo* improves the survival rate in mice by decreasing tumor cell survival and increasing tumor shrinkage \[[@r26], [@r30], [@r39]\].

### 3.1.9. UCA1 (Urothelial Carcinoma-Associated 1) {#sec3.1.9}

The lncRNA urothelial carcinoma-associated 1 (UCA1) is 7375bp in size and located on chromosome 19p13.12. It was originally duplicated from the human bladder cell line and is overexpressed in embryonic tissues, bladder cancers, liver cancers, and other cancers \[[@r22]-[@r24]\]. Studies have shown that UCA1 acts as an endogenous sponge that attaches to miR-216b and downregulates its expression. This mitigates the repression of FGFR in the cancer cells, increasing its level in the HCC cells. Downregulation of UCA1 suppresses ERK ½ and p-ERK ½, inhibiting the cell proliferation in both *in vitro* and *in vivo* models of HCC. This argument suggests the positive correlation of UCA1 and HCC initiation and progression through the regulation of FGFR1/ERK signaling pathways \[[@r40]\]. Also, researchers have reported that UCA1 activates NF-κB/STAT3 signaling in cancer cells. It is observed in an experimental mouse model that the transformation of hepatocyte-like-stem cells is induced by UCA1 \[[@r41]\]. The proliferation of HCC cells is also linked to the expression of UCA1 *via* CDKN1B regulation \[[@r42]\]. Drug resistance is also a major factor associated with the expression of UCA1 \[[@r43]\].

### 3.1.10. Linc00974 {#sec3.1.10}

Linc00974 is another lncRNA that is 4890bp in size and is located on chromosome 17q21.31. It is significantly upregulated in HCC \[[@r25]\]. A strong linkage between Linc00974 and KRT19 (biomarkers of HCC) and HCC development has been reported by Tang and coworkers. Hypomethylation of the promoter of Linc00974 upregulates this lncRNA. Linc00974 acts as an endogenous sponge, repressing the levels of KRT19. Deletion of Linc0097 increases apoptosis and arrests cell cycle in HCC cell lines. This further inhibits cell multiplication and invasion. Suppression of lncRNA, mediated by miR, amplifies the levels of KRT19. Recent literature reflects a strong connection between KRT19, NOTCH and TGF cascades \[[@r21]\]. Therefore, it can be deduced that Linc00974 and KRT19 may be innovative manifestations for the prediction of tumor initiation and metastasis. Linc00974 may also be utilized in the management of HCC in the future.

### 3.1.11. ZFAS1(ZNFX1 Antisense RNA 1) {#sec3.1.11}

ZFAS1 (ZNFX1 antisense RNA 1) is a spliced and polyadenylated lncRNA transcribed from the end of ZNFX1. It is derived from chromosome 20q13.13 and is implicated in different types of cancer including gastric cancer, colorectal cancer, and hepatocellular cancer, among others \[[@r13]\]. It has been reported to interact with CDK1 and cyclin B to control p53-dependent cell-cycle regulation \[[@r44]\]. In addition, it promotes cell proliferation by employing EZH2 and LSD1/ CoREST to the promoters of genes including KLF2 (Kruppel like factor 2) and NKD2 (naked cuticle 2) to regulate their expression \[[@r45]\]. It also acts as a sponge for tumor suppressor miR-150. The knockdown of ZFAS1 represses cell proliferation, migration, and colony formation \[[@r15]\]. Similarly, ZNFX1 sequesters miR-150, which directly targets the EMT regulator, ZEB1. Levels of ZEB1 are affected by the expression of ZEB1-AS1 lncRNA. This lncRNA has a bidirectional promoter and shares it with ZEB1. It is a positive regulator of ZEB1 expression and EMT \[[@r33]\].

### 3.1.12. SIRT1 (sirtuin/silent Mating type Information Regulation 2 Homolog 1) {#sec3.1.12}

SIRT1 gene has been found to play an imperative role in cell proliferation and apoptosis. Overexpression of SIRT-1 has been witnessed in various HCC samples. SIRT1- antisense RNA (SIRT1-AS) lncRNA shows its action by covering the binding site of miR-29c on 31-UTR *via* repression in the translational inhibition of SIRT1 mRNA. Binding of SIRT1-AS to 31-UTR region of SIRT1 prevents the binding of mir-29c and hence, stabilization SIRT1 mRNA is observed. This increased the level of SIRT1, subsequently increasing cell survival. This complete process is possible because of the 622C mutation in SIRT1-AS. In fact, increased expression of this mutant suppresses the proliferation of HCC cells \[[@r35]\]. This may offer a newer target for gene therapy.

### 3.1.13. DILC (Downregulated in Liver Cancer) {#sec3.1.13}

DILC is a tumor suppressor whose reduced expression was detected in all HCC cell lines and was so entitled as lncRNA downregulated in liver cancer (DILC) \[[@r13]\]. Its expression is inversely related to those of EpCAM (epithelial cell adhesion molecule), CD24, and CD90 in hepatoma spheroids. This lncRNA is found to interfere with the NF-κB pathway mediated IL6 expression, exerting a negative effect on STAT3 signalling, and in this manner, suppressing tumor \[[@r26], [@r46]\].

3.2. LncRNAs and its Diagnostic Benefits in HCC {#sec3.2}
-----------------------------------------------

Since HCC is an intricate disease, molecular biomarkers are essential predictive tools that can ease its management. As equated to coding protein, lncRNAs offers a better advantage as a marker because of the direct link between its expression and tumor status. Various lncRNAs are associated with HCC, as mentioned above, due to emerging technologies in the field of molecular biology as key regulators. A lot of databases (as listed in Table **[2](#T2){ref-type="table"}**) have been established in the literature which can predict the potential of lncRNAs. Existing literature has shed light on various lncRNAs for the diagnosis and prognosis of HCC. For example, the detection of HCC can be done by measuring the expression profile of HULC in the plasma of diseased and healthy volunteers. Hence, HULC may act as a promising novel marker for detecting and diagnosing HCC \[[@r14]\]. Similarly, MVIH (Microvascular invasion) has been reported to be overexpressed, when a cohort study containing 215 patients was carried out. It was observed that this overexpression is linked to increased tumor growth and metastasis and hence, leading to poor patient survival \[[@r25]\]. Additionally, the overexpression of HOTAIR was noticed in 110 HCC samples (60 underwent liver transplantation) \[[@r30]\]. A positive correlation between lymph node metastasis and expression of HOTAIR was also demonstrated by various researchers, suggesting it to be a potential biomarker for the detection of lymph node metastasis \[[@r57]-[@r59]\]. Recent findings also suggested that silencing the activity of MALAT1 can be a potential anti-cancer therapy for preventing recurrence of tumors after orthotopic liver transplantation \[[@r31]\].

It has been observed that lncRNAs possess a tissue-specific expression profile. This specific nature of lncRNAs makes them appropriate candidates to be used as cancer biomarkers. Although, the existing knowledge is enough for using lncRNAs as a diagnostic and therapeutic tool, but still, a deeper understanding of the mechanism through which they channelize the cascade is needed. Alternatively, modifying the expression of lncRNA along with the administration of chemotherapeutic agents can be considered beneficial. Special molecules can be developed which can either bring about some changes in the secondary structure of lncRNA or can inactivate them by the formation of complexes. To bring such molecules into existence, more studies about the complex mechanisms need to be studied well.

4. MiR and HCC {#sec4}
==============

MicroRNAs (miRs) are small (containing \~22 nucleotides) noncoding RNAs that regulate gene expression and protein translation. These are evolutionarily conserved molecules that are involved in organ and tissue differentiation during embryogenesis. They also participate in cell proliferation and apoptosis. Coming shreds of evidence highlight that their deregulation plays an active role in the pathogenesis and progression of various types of cancer \[[@r60]\]. They may either act as oncogenes or onco-suppressors (Table **[3](#T3){ref-type="table"}**). In this section, we have summarized the role of liver cancer in context to liver cancer onset and progression and the underlying mechanisms and how they may act as diagnostic and therapeutic agents.

4.1. Expression Profile of miRs in HCC {#sec4.1}
--------------------------------------

Two decades back, this small class of miRs was discovered and was found to be involved in various physiological processes. In 2006, a profiling study was conducted with 180 mature miRs and 206 pre-miR oligo probes using a miR microarray, which concluded with the result that various miRs were aberrantly expressed in HCC cells as compared to normally growing cells. It suggested that miR might have oncogenic or tumor-suppressive effects in HCC as few of them were found to be upregulated (pre-miR-18, miR-18, and miR-224) and some were found to be suppressed (miR-125a, miR-195, miR-199a\*, miR-199a, and miR-200a). Also, the authors reported that few miRs might be responsible for the dedifferentiation of the tumor \[[@r73]\]. In a different study, 381 probes for 238 mature and 143 precursor human miRs were used to carry out the expression profiling for HCC and liver cirrhosis. It was observed that 35 miRs were abruptly expressed in samples of HCC as compared to that of the cirrhotic liver. Among these deregulated miRs, few of them were reported to be well-characterized in various cancers \[[@r74]\]. Liu *et al* directed a similar study in 2011 to elucidate the molecular mechanistic profile of HBV-associated HCC. From 94 pairs of tumor and non-tumor tissue, miR-18a, miR-21, miR-30d, miR-34a, miR-93, miR-106a, miR-106b, miR-151, miR-222, miR-301 and miR-324-5p showed unusual expression. The findings suggested the relationship between abnormal expression of genes involved in the synthesis of miRs and the development of HCC \[[@r75]\].

Various studies are being conducted on the clinical samples of HCC. Jiang and researchers used ˃200 samples of precursor and mature miRNAs from clinical HCC specimens, adjacent non-oncogenic tissues positive and negative for hepatitis and cirrhosis. 16 miRs were found to be deregulated in HCC samples as compared to adjacent non-oncogenic tissue samples. It was also  reported that miRs linked with breast cancer, glioblastomas and pancreatic cancer (miR-221) and with pancreatic and thyroid cancer (miR-21) were also upregulated in the case of HCC \[[@r76]\].

To understand the series of progression from normal tissue to cirrhosis to HCC, a cohort study was designed by Pineau and collaborators. Pairwise comparisons were performed: cirrhosis *vs*. normal liver, HCC *vs*. normal liver, and HCC *vs*. non-cancerous cirrhotic tissues and it was concluded that a set of 12 miRs is responsible for the transition of normal tissue to hepato-cancerous one. Various similar studies were conducted to identify the cancer-specific miRs linked with humans \[[@r62]\]. A meta-analysis was conducted in which expression profile of miRs associated with breast, colon, prostate, liver and lung cancers. It was interesting to know that more than 60% of miR was differentially expressed in the case of HCC as compared to the other 4 forms of tumor. Aberrant expression of miR-154 was also an interesting finding in this meta-analysis as any other study did not previously report it. It was found to be suppressed in HCC affecting cell proliferation by modifying the progression of the cell cycle \[[@r77]\].

4.2. Oncogenic miRs in HCC {#sec4.2}
--------------------------

### 4.2.1. miR-17-92 {#sec4.2.1}

MiR-17-92 is a cluster composed of miR-17-3p, miR- 17-5p, miR-18a, miR-19a, miR-19b, miR-20a and miR-92-1 \[[@r60]\]. Overexpression of the miR-17-92 cluster has been demonstrated in various human malignancies, including B-cell lymphoma, lung cancer, stomach solid tumors and hepatocellular carcinoma \[[@r63], [@r78]\]. Qu and team used miR-knockdown strategy and demonstrated that knockdown of this miR reduces hepatocyte proliferation and anchorage-dependent growth by 50%. Upregulation of miR-17-5p was confirmed by conducting various *in-vitro* and *in-vivo* experiments, exemplifying that overexpression of this miR is directly linked to enhancement in the migratory and proliferation capacity of HCC cells and *vice-versa* \[[@r79]\].

Using the differential in-gel electrophoresis (DIGE) approach and other proteomic tools, authors identified heat shock protein-27 (HSP-27) as a major effector activated by miR-17-5p. The possible mechanism behind human HCC could be the activation of heat shock protein-27 (HSP-27) by miR-17-5p through p38 MAPK pathway \[[@r60]\].

### 4.2.2. miR-21 {#sec4.2.2}

It is well-characterized tumorigenic miR, overexpressed in various tumors namely brain, breast, colon, esophagus, head and neck, lung, prostate and pancreatic tumors \[[@r61], [@r77]\]. Meng and co-workers brought into light the overexpression of miR-21 in HCC in both *in vivo* and *in vitro* models. *In vitro* inhibition is associated with an increase in cell proliferation, migration, and invasion. MiR-21 modulates the expression of PTEN (tumor suppressor) to exert its oncogenic activity. Suppression of PTEN by miR-21 leads to the phosphorylation of FAK (effector that regulates cell-cycle progression, cell survival, and migration). This tyrosine phosphorylation is followed by increased levels of MMP-2 and MMP-9, which in turn contributes to the pathogenesis of HCC \[[@r80]\].

### 4.2.3. miR-221 {#sec4.2.3}

miR-221 is another oncogenic microRNA that is seen to be upregulated in case of HCC \[[@r62], [@r81]\]. Amplification in the number of cells (particularly those in S-Phase of the cell cycle) is observed when miR-221 is being overexpressed. Inhibiting this miR with its anti-miR-221 agent show the opposite effect, suggesting its potential role in HCC. Fornari and team worked to provide evidence that this miR directly targets cell cycle inhibitors namely CDKN1B/p27 and CDKN1C/p57 in HCC cells \[[@r82]\]. The involvement of this miR in the progression of HCC has been clearly described by various researchers. Pineau and team in the year 2010 reported the role of miR-221 in HCC using the mosaic mouse model. They stated that the direct functional target of this miR is DNA damage-inducible transcript 4 (DDIT4), a tumor suppressor. By stimulation of the tuberous sclerosis tumor suppressor TSC1/2 complex, DDIT4 regulates mTOR kinase. They showed the possible linkage between PTEN-PI3K-AKT-mTOR pathway and HCC development \[[@r62]\]. A study reported the anti-apoptotic effect of miR-221 and mentioned that silencing the miR increases apoptotic cell death in liver cancer. MiR-221 is also found to regulate BMF, pro-apoptotic member of Bcl-2 family. Inhibition of miR-221 increases the expression of BMF and cleavage of caspases-3 and vice versa. The authors reported that susceptibility of HCC to apoptotic stimuli is modulated by BMF *via* caspases dependent pathway \[[@r76]\]. Hence, it can be concluded with a note miR-221 plays an important role in hepatotumorigenesis through various cascades.

### 4.2.4. miR-222 {#sec4.2.4}

Pineau and co-workers publicized that miR-221 and 222 are highly upregulated miRs in HCC samples by profiling study, designating them oncogenic miRs \[[@r62]\]. For investigating the role of miR in detail, a cohort study was designed by Wong *et al*. 2010 using 99 primary HCC tumors and 94 tumor-adjacent cirrhotic livers to early and late HCC stages. *In vitro* study reported that miR-222 considerably attenuate cell migration, invasion and motility in liver cancer cell lines without affecting cell proliferation, suggesting it to be a metastatic associated miRNA. AKT signaling was one important contributing factor in the regulation of HCC metastasis and venous invasion. Inhibition of miR leads to a decrease in AKT phosphorylation, suggesting the potential role of miR-222 in HCC \[[@r83]\].

4.3. Tumor Suppressive miRs and HCC {#sec4.3}
-----------------------------------

### 4.3.1. Let-7g {#sec4.3.1}

The let-7 family has 11 close members, out of which, let-7g is one of the most important tumor-suppressive miRNAs in various human cancers. It is positioned on chromosome 3p21.1 and is significantly downregulated in human HCC samples as compared to metastasis-free samples \[[@r64], [@r65]\]. Type 1 collagen A2 (COLIA2) is reported to be the direct target of let-7g, as the quantity of COLIA2 is contrariwise correlated with levels of let-7g. The addition of COLIA2 reverses the action inhibitory effect of let-7g on HCC cells \[[@r84]\]. Wong and team brought into light the anti-proliferative activity of let-7g by transfecting HepG2 cells with let-7g mimics. Downregulation of oncogene c-Myc significantly inhibits cell proliferation. It is observed that expression of both mRNA and protein of c-Myc is dramatically decreased after the transfection, providing evidence that downregulation of c-Myc occurs at both transcriptional and post-transcriptional levels. Interestingly, Wong and co-workers reported that the overexpression of let-7g results in the upregulation of p16INK4A through direct regulation of c-Myc in c-Myc-1-p16 regulatory cascade, leading to suppression of tumor \[[@r63]\].

### 4.3.2. miR-29 {#sec4.3.2}

miR-29 is an independent prognostic factor reported in human HCC. Its investigation was initiated with a miRNA profiling study, which stated that the downregulation of miR-29 is observed in liver cancer and is associated with poor prognosis and survival of the patient \[[@r85]\]. A large spectrum of targets for this family has been identified including CDC42, TCL1, PIK3R1, and Mcl-1. In line with these findings, the functional targets of miR-29 are found to be Mcl-1 and Bcl-2. Suppression of endogenous expression of these targets by miR-29 results in the activation of the mitochondrial pathway. Abnormal expression of Bcl-2 and Mcl-1 in miR-29 overexpressing HepG2 cells override the apoptosis initiated by chemotherapeutic agent or serum starvation, providing evidence for the involvement of miR-29 in apoptosis \[[@r86]\].

### 4.3.3. miR-122 {#sec4.3.3}

miR-122 contributes its 70% share to the total liver miRNA population. It is expressed abundantly and is highly tissue-specific \[[@r87]\]. This being the reason, that the researcher has investigated the diagnostic and prognostic role of miR-122 in hepatotumorigenesis. Intriguingly, scientists have reported that expression of this miR in liver cancer is etiology-dependent and its suppression is linked with large and less differentiated tumors leading to poor survival of patients suffering from HCC. Several studies provide evidence for the downregulation of miR-122 in HCC, signifying that it is tumor-suppressive miRNA \[[@r68]-[@r70]\]. *In vitro* studies mark its imperative role in cell migration and invasion, providing support to the statement that it is involved in HCC. It is reported to modulate the expression of cyclin G1, which negatively regulates p53 by drafting PP2A to Mdm-2 dephosphorylation. This miR-122/cyclin G1-bonding increases stability of p53, consequently, affecting the sensitivity of cancer cells to doxorubicin-dependent apoptosis \[[@r82]\].

### 4.3.4. miR-101 {#sec4.3.4}

The onco-inhibitory property of miR-101 was firstly studied by Su and co-workers, who reported that the expression of miR-101 suppresses colony formation *in vitro* and tumor formation *in vivo* \[[@r66]\]. Myeloid cell leukemia sequence-1 (Mcl-1) was identified, using luciferase reporter assays and western blot analysis, as a significant target of miR-101. Mcl-1 is an anti-apoptotic member belonging to the Bcl-2 family. Interestingly, overexpression of miR-101 by serum starvation or any therapeutic agent in HCC cells induces apoptosis. Mcl-1 repression resembles the apoptosis-promoting effect of this particular miR. Mcl-1, which lacks the 3'UTR sequence, when overexpressed eradicates the apoptotic effect of miR-101 \[[@r66], [@r67]\].

FBJ murine osteosarcoma viral oncogene homolog (FOS) is an oncogene, expressed in liver cancer. MiR-101 represses the expression of v-fos by binding to its 3'UTR region at the post-transcriptional level. Modulation in the expression of miR-101 inhibits HGF-induced cell invasion *via* repression of FOS expression \[[@r88]\].

### 4.3.5. miR-125b {#sec4.3.5}

MiR-125b is decontrolled in a variety of human carcinomas including breasts \[[@r89]\], oral \[[@r90]\], bladder \[[@r91]\] and thyroid \[[@r92]\] cancers. Various researchers studied the suppression of HCC tumors by miR-125b. In a study, Zhao and Wang reported that the expression of miR-125b decreases in the HCC tissues and cell lines and its expression even inhibits the proliferation of HepG2 cells. The authors used target prediction method to predict potential target genes of miR-125b and it was observed that SIRT7 is the direct target of miR-125b. It was also mentioned that upregulation of miR-125b inhibits the expression of SIRT7 and *vice versa* \[[@r68]\]. Jia and team examined the expression of miR-125b in HepG2, Huh, and SMMC7721 cells and reported the downregulation in the expression profile of miR-125B in tumor cells. The possible mechanism was the inhibition of proliferation and cell cycle progression of HCC cells. The authors also reported that Mcl-1 (a member of Bcl-2 family) and IL6R (cell surface receptor which mediates inflammation) are the direct targets of miR-125b and are suppressed upon the action of miR-125b \[[@r72], [@r93]\]. Jiang and researchers designed a study to determine the potential of miR-125b in acquired 5-Fluorouracil (5-FU) resistance in various HCC cell lines by transfecting miR-125b. Reduced expression of miR-125b is observed in 5-FU- resistant cells. Additionally, uptake and production of lactose are knowingly increased in 5-FU-resistant cells \[[@r94]\].

4.4. miRs and its Therapeutic Potential in HCC {#sec4.4}
----------------------------------------------

Developing evidence put forward the imperative role of miRs in HCC initiation, progression, and metastasis through multiple related genes and cascades. Various approaches have been developed to target oncogenic miRs and restore the expression of tumor-suppressive miRs. miR sponges, anti-miR oligonucleotides (AMOs) and miR inhibitors have been widely utilized to reduce the level of oncogenic miRs in HCC. Similarly, tumor-suppressive genes can be restored by various vectors and liposomes to target such tumors \[[@r64]\]. Viral vector system has been developed to deliver tumor suppressive miRs in *in vivo* cell models using anti-miRNA oligonucleotides and animal models using an anti-oligonucleotide, which targeted miR-191. Reduction in expression levels of miR-191showed a significant reduction in tumor size. Apart from its therapeutic benefits, miRs also maximized the effect of chemotherapeutic drugs by sensitizing tumors \[[@r95]-[@r97]\].

Conclusion
==========

lncRNAs and miRs, both, play an active role in various physiological processes involved in different disease states, including hepatocellular carcinoma. The existing records reflect the role of ncRNAs in HCC initiation, progression, and treatment, but there are numerous questions unanswered. Research about ncRNA is still in its infancy stage and has a wide scope ahead. Scientists have been able to characterize only a smaller portion of HCC-related ncRNAs, which might provide innovative approaches for the detection and treatment of HCC but still, a larger portion is still unexplored. Structural and functional identification can pave a mode of designing newer therapeutic agents for the management of HCC.
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![Genetic and Epigenetic events contributing in the initiation and development of HCC. (*A higher resolution / colour version of this figure is available in the electronic copy of the article*).](CPD-26-415_F1){#F1}

![Biogenesis of microRNA. miRs are generally transcribed by RNA Polymerase III from non-coding part of gene into primary miRNAs (pri-miRNAs) and processed into precursor miRNAs (pre-miRNAs) by the microprocessor complex. This complex is exported to cytoplasm and is cleaved by Dicer-1. This triggers the association of RNA-induced silencing complex (RISC). At this stage, double stranded miRNA splits into two strands: The passenger strands (removed and degraded) and the guide strand -bound to RISC (binds to target and translationally inhibits it). (*A higher resolution / colour version of this figure is available in the electronic copy of the article*).](CPD-26-415_F2){#F2}

![Overview of five broad categories of lncRNAs: (**A**.) Intergenic (**B**.) Bidirectional (**C**.) Intronic (**D**.) Antisense (**E**.) Sense. (*A higher resolution / colour version of this figure is available in the electronic copy of the article*).](CPD-26-415_F3){#F3}

![Mechanism of action of lncRNAs. lncRNAs can regulate the gene expression *via* regulating chromatin condensation, altering DNA transcription, determining the stability of mRNA and affecting its splicing or modifying the pattern of mRNA translation into protein. This regulation may lead to origination of various cancer hallmarks. (*A higher resolution / colour version of this figure is available in the electronic copy of the article*).](CPD-26-415_F4){#F4}

![LncRNAs as regulators of cell proliferation, migration, apoptosis, invasion, tumorigenicity, cell cycle, and metastasis.](CPD-26-415_F5){#F5}

###### 

Some important long noncoding RNAs in hepatocellular carcinoma.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **S. No.**   **Name**      **Gene Locus**   **Size (bp)**   **Classi-fication**   **Cancer Type**                                                              **Deregulation in HCC**   **Potential Role in HCC**                                                             **Site of Detection**   **Upstream Regulators**   **Downstream Targets**   **Refs.**
  ------------ ------------- ---------------- --------------- --------------------- ---------------------------------------------------------------------------- ------------------------- ------------------------------------------------------------------------------------- ----------------------- ------------------------- ------------------------ ---------------------------
  1\.          HULC          6p24.3           1638            LincRNA               Hepatocellular, pancreatic                                                   Upregulated               Associated with HBV infection and tumor growth                                        Plasma                  CREB, HBx                 miR-372, p18             \[[@r5], [@r14]\]

  2\.          H19           11p15.5          2660            LincRNA               Bladder, Brain, gastric, renal, lung, ovarian, colorectal, pancreatic        Upregulated               Suppresses progression and metastasis. Promotes cell proliferation                    \-                      \-                        \-                       \[[@r5],[@r14], [@r15]\]

  3\.          MALAT1        11q13.1          8708            LincRNA               Lung, prostate, breast, colorectal, liver, gastric, leukemia, brain, renal   Upregulated               Associated with tumor metastasis and recurrence                                       \-                      TGF-beta                  Caspase-3,\              \[[@r16]-[@r18]\]
                                                                                                                                                                                                                                                                                                                                   Caspase-8,\              
                                                                                                                                                                                                                                                                                                                                   BAX,\                    
                                                                                                                                                                                                                                                                                                                                   BCL-2,\                  
                                                                                                                                                                                                                                                                                                                                   BCL-XL                   

  4\.          HOTAIR        12q13.13         12649           Antisense             Breast, hepatocellular, colorectal,\                                         Upregulated               Associated with invasion and metastasis. Increases chemosensitivity                   Tumor                   Suz-Twelve                PRC2, LSD1               \[[@r5], [@r13], [@r16]\]
                                                                                    pancreatic, lung, ovarian                                                                                                                                                                                                                                               

  5\.          HOTTIP        7p15.2           6839            Bidirectional         Prostate, liver, pancreatic                                                  Upregulated               Associated with tumor progression and disease outcome.\                               \-                      \-                        \-                       \[[@r14], [@r19]\]
                                                                                                                                                                                           Chemoresistance                                                                                                                                                  

  6\.          HEIH          5q35.3           1665            LincRNA               Hepatocellular                                                               Upregulated               Associated with HBV-HCC.\                                                             Plasma                  \-                        EZH2, PRC2               \[[@r5], [@r14]\]
                                                                                                                                                                                           HCC recurrence                                                                                                                                                   

  7\.          MEG3 (GTL2)   14q32.3          34919           LincRNA               Renal, gastric, ovarian, liver, lung, brain,\                                Downregulated             Associated with methylation. Predictive biomarker for monitoring epigenetic therapy   \-                      cAMP                      P53, MDM2,\              \[[@r20]\]
                                                                                    bladder                                                                                                                                                                                                                                        GDF15                    

  **S. No.**   **Name**      **Gene Locus**   **Size (bp)**   **Classi-fication**   **Cancer Type**                                                              **Deregulation in HCC**   **Potential Role in HCC**                                                             **Site of Detection**   **Upstream Regulators**   **Downstream Targets**   **Refs.**

  8\.          Linc00974     17q21.31         4890            \-                    Hepatocellular                                                               Upregulated               Predicts tumor growth and metastasis                                                  \-                      \-                        \-                       \[[@r21]\]

  9\.          UCA1          19p13.12         7375            Intronic              Bladder, leukemia, ovarian, breast                                           Upregulated               Involved in chemotherapeutic resistance. Associate with metastasis\                   \-                      \-                        \-                       \[[@r22]-[@r24]\]
                                                                                                                                                                                           and postoperative survival                                                                                                                                       

  10\.         CCAT1         8q24.21          11887           \-                    Colorectal, leukemia, gastric, Lung,\                                        Upregulated               Promotes HCC progression                                                              \-                      \-                        \-                       \[[@r25]\]
                                                                                    esophageal squamous cell carcinoma                                                                                                                                                                                                                                      
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

gene-silencing factors: PRC2 (a multiprotein complex) and LSD1 (lysine-specific demethylase 1) \[[@r17]\]. HOTAIR, along with PRC2, silences several metastasis suppressor genes, which lead to breast epithelial cell cancer \[[@r16]\].

###### 

Long non-coding RNA online databases widely accessible.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **S. No.**   **Name of the**\   **URL**                                                       **Features**                                                                                                                                                                                                                       **References**
               **Database**                                                                                                                                                                                                                                                                                                        
  ------------ ------------------ ------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------
  1\.          ncRNAimprint       <http://rnaqueen.sysu.edu.cn/ncRNAimprint/>                   Contains a catalog of imprinted ncRNAs, three comprehensive collections of imprinted ncRNA-related diseases, ICRs, and imprinted regions, and deep sequencing reads.                                                               \[[@r49]\]

  2\.          ncRNAdb            <http://research.imb.uq.edu.au/rnadb/>                        RNAs included in the database have been demonstrated or are suspected to function without being translated into proteins and they are not constitutively expressed housekeeping transcripts.                                       \[[@r50]\]

  3\.          NONCODE            <http://www.noncode.org/>                                     Contains 527,336 lncRNAs from 16 different species.                                                                                                                                                                                \[[@r51]\]

  4\.          lncRNAdb           <http://longnoncodingrna.com/>                                Each entry contains referenced information about the RNA, including sequences, structural information, genomic context, expression, subcellular localization, conservation, functional evidence, and other relevant information.   \[[@r52]\]

  5\.          Rfam               <http://rfam.sanger.ac.uk/>                                   Allow the user to search a query sequence against a library of covariance models, and view multiple sequence alignments and family annotation.                                                                                     \[[@r53]\]

  6\.          ncRNA Database     <http://biobases.ibch.poznan.pl/ncRNA/>                       In addition to the RNAs for which regulatory activities have been documented, the database also contains sequences of ncRNAs that are known to be expressed, but their role in a cell is still unknown.                            \[[@r50]\]

  7\.          NPInter            <http://www.bioinfo.org.cn/NPInter/>                          Documents experimentally determined functional interactions between noncoding RNAs (ncRNAs) and protein related biomacromolecules (proteins, mRNAs or genomic DNAs).                                                               \[[@r54]\]

  8\.          Functional RNAdb   <http://www.ncrna.org/frnadb/>                                Helps in annotating non-coding\                                                                                                                                                                                                    \[[@r55]\]
                                                                                                transcripts acquired from publicly available databases like H-inv 2.0, NONCODE, RNAdb, RNAdb (literature curation), RNAdb (human chromosome 7 project), RNAdb.                                                                     

  9\.          NRED               <http://jsm-research.imb.uq.edu.au/nred/cgi-bin/ncrnadb.pl>   Supplies ancillary information for featured ncRNAs, including evolutionary conservation, secondary structure evidence, genomic context links, and antisense relationships.                                                         \[[@r56]\]
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Other lncRNAs implicated in liver cancer include TCF7, CD24, HANR, NR2F1-AS1, MVIH, and CCAT1. TCF7 is regulated by UCA1 *via* interaction with SWI/SNF (switch/sucrose non-fermentable) in various types of cancer \[[@r40]\]. CCAT1 promotes hepatocellular carcinoma progression by acting as let-7 sponge \[[@r47]\]. MVIH acts together with protein phosphoglycerate kinase 1 (PGK1), which further increases angiogenesis and tumor growth \[[@r48]\].

###### 

Some important miRs and their targets.

  **S. No.**   **Name**    **Deregulation in HCC**   **Target**              **References**
  ------------ ----------- ------------------------- ----------------------- --------------------
  1\.          miR-17-92   Oncogenic                 HSP27                   \[[@r60]\]
  2\.          miR-21      Oncogenic                 PTEN                    \[[@r61]\]
  3\.          miR-221     Oncogenic                 CDKN1B/1C, DDIT4, BMF   \[[@r8], [@r62]\]
  4\.          miR-222     Oncogenic                 PP2RA                   \[[@r63]\]
  5\.          miR-224     Oncogenic                 API-5                   \[[@r63]\]
  6\.          miR-30d     Oncogenic                 GNAI2                   \[[@r63]\]
  7\.          miR-373     Oncogenic                 PPP6C                   \[[@r63]\]
  8\.          Let-7g      Tumor suppression         COL1A2, c-myc           \[[@r64], [@r65]\]
  9\.          miR-101     Tumor suppression         Mcl-1, FOS              \[[@r66], [@r67]\]
  10\.         miR-122     Tumor suppression         CyclinG1, CULT1         \[[@r68]-[@r70]\]
  11\.         miR-124     Tumor suppression         ROCK2, EZH2             \[[@r63]\]
  12\.         miR-125b    Tumor suppression         LIN28B                  \[[@r71], [@r72]\]
  13\.         miR-29      Tumor suppression         Mcl-1, BCL2             \[[@r63]\]
  14\.         miR-29b     Tumor suppression         MMP-2                   \[[@r63]\]
  15\.         miR-99a     Tumor suppression         IGF-1R, mTOR            \[[@r63]\]
